Introduction
The Web 2.0 changed the way Internet users interact with knowledge (Gore 1998; Goodchild 2007) by allowing knowledge sharing through various online systems (e.g. Wikipedia). In GIScience, Volunteered Geographic Information (VGI) has attracted the attention of scholars due to its ability to crowdsource geographic information potentially useful in many contexts (Haklay 2014; Arsanjani et al. 2015) .
Classifications of VGI contributors have been proposed, based on users' motivation (Coleman et al. 2009 ) or on the volume of their contributions (Panciera et al. 2010; Neis and Zipf 2012) . Existing studies show that the nature of the contributions broadens with the time spent in a project (Kim 2000; Panciera et al. 2009 ) but none clearly linked them to the timespans of the different stages in the life cycle of contributors. This paper presents the first detailed analysis of the time over which contributors participate to a VGI project by using OpenStreetMap (OSM) data, identifying sets of contributors that share similar temporal patterns of contributions, and discussing the potential impacts on contributions.
Contributors' Timespan Distribution
While OSM data can be accessed by anyone, only registered users can edit the database. Once registered, no mechanism identifies users that stop contributing to the project. We define a 'registered user' as someone that created an OSM account, while a 'contributor' is a registered user that started at least one editing session (i.e. a changeset). 'Contributors' timespan' refers to the timespan between a contributor's first and last edit.
All the transactions made in OSM until September 1, 2014, were extracted and loaded into a PostgreSQL 9.3 database. Statistical analyses and visualizations were performed using the R 3.2.1 software.
A first analysis compared cumulative OSM registered users with actual contributors, creating daily Contributors/Registered Users ratios (Figure 1 ). Ratios reveal wide variations over time, ranging from 6% to 47%, for an average of 30.9%. Results support Neis and Zipf (2012) findings that only a third of registered users eventually become contributors.
A complementary cumulative distribution function (CCDF) of contributors' timespan was also generated (Figure 2 ). It represents the proportion of contributors who edited the database for a similar period of time or longer. Five pivotal points were identified based on this figure and on additional analyses.
A first pivotal point is found at about one hour of contributions, where 15% of participants stopped contributing in a matter of seconds. This abrupt break in the curve represents new contributors that made only a few edits, or even none, before the OSM API automatically closes their one and only editing session left idle for an hour.
The proportion of OSM users who contributed data keeps decreasing rapidly for about an hour then it slows down until it reaches our second pivotal point after 24 hours (one day). Analyses show that 60% of contributors did not edit data beyond this point, a proportion similar to what was found in Wikipedia (Panciera et al. 2009 ). The proportion of contributors then follows a regular (log based) decline for about a year after which it slows down significantly. Fewer than 20% of participants contributed beyond a first year, our third pivotal point. The fourth point is about five years later and concerns less than 1% of participants.
Figure 2: Complementary cumulative distribution function (CCDF) of contributors' timespan showing the proportion of contributors by timespan (in days).
The fifth and last point is located at nine years, a time at which only a few dozen accounts were active. Many of OSM developers and innovators (Beal and Bohlen 1957) have then kept editing the database over the years.
Evolution of Edits Over the Life Cycle of Contributors
The contributions made at each stage of the life cycle are described in Table 1 . The table shows the proportion of participants who reached each stage among the members of their cohort ('Users'), the volume of edits made for the 10 th , 50 th and 90 th percentiles (P*), the average number of days actually involved in contributing ('Days'), and the average number of days spent between contributions ('Idle'). The lurkers represent the registered users that have not contributed to OSM yet (69.1%). The remaining 30.9% of registered users that have at least started an editing session are contributors. Contributors' life cycle stages are described above.
Visitors and Novices contribute little to OSM, with a median contribution (P50) around five edits. Further analyses of the data indicate that the few most productive visitors and novices accounts were dedicated to large data imports, with tens of thousands of edits done within this short period of time.
Amateurs and Adherents have similar contribution profiles. The volume of edits from the lower half (P50) of contributors increases proportionally to the time they spent in the project but this proportion doubles for the most active ones (P90).
Veterans and Elders show different contribution profiles, with larger and more evenly distributed contributions, a behaviors also observed in Wikipedia (Geiger and Halfaker 2013) . Furthermore, these participants contribute on average twice more often than those from all other stages, with an average of one day out of nine (idle).
Overall, the proportion of participants who keep contributing within a cohort is slightly higher than what was found within Wikipedia (Zhang et al. 2012 ).
Conclusion
This paper reported on an analysis of the time over which OSM users contribute to the project. Pivotal points found on the cumulative complementary distribution function show six different phases in the life cycle of contributors.
By assessing each phase, we found that contributions are more frequent, larger, and evenly distributed against participants that spent more than five years in the project. We also found that for each phase, about 20% of participants keep contributing and move to the next phase. Since these core contributors produce most of the data over a long period of time, we expect that the data quality either improves or becomes increasingly uniform over the years.
Further analysis should assess if core contributors can be identified from their early behaviors in order to keep them engaged by designing crowdsourcing activities adequately.
